Although new drugs and techniques may improve outcomes when unintended high blood levels of local anesthetics occur, the primary focus of daily practice should remain the prevention of such events. Although adoption of no single Bsafety step[ will reliably prevent systemic toxicity, the combination of several procedures seems to have reduced the frequency of systemic toxicity since 1981. These include the use of minimum effective doses, careful aspiration, and incremental injection, coupled with the use of intravascular markers when large doses are used. Epinephrine remains the most widely used and studied marker, but its reliability is impaired in the face of A-blockade, anesthesia, advanced age, and active labor. As an alternative, the use of subtoxic doses of local anesthetics themselves can produce subjective symptoms in unpremedicated patients. Fentanyl has also been confirmed to produce sedation in pregnant women when used as an alternative. The use of ultrasound observation of needle placement and injection may be useful, but has also been reported as not completely reliable. Constant vigilance and suspicion are still needed along with a combination of as many of these safety steps as practical. 
when unintended high blood levels of local anesthetics occur, the primary focus of daily practice should remain the prevention of such events. Although adoption of no single Bsafety step[ will reliably prevent systemic toxicity, the combination of several procedures seems to have reduced the frequency of systemic toxicity since 1981. These include the use of minimum effective doses, careful aspiration, and incremental injection, coupled with the use of intravascular markers when large doses are used. Epinephrine remains the most widely used and studied marker, but its reliability is impaired in the face of A-blockade, anesthesia, advanced age, and active labor. As an alternative, the use of subtoxic doses of local anesthetics themselves can produce subjective symptoms in unpremedicated patients. Fentanyl has also been confirmed to produce sedation in pregnant women when used as an alternative. The use of ultrasound observation of needle placement and injection may be useful, but has also been reported as not completely reliable. Constant vigilance and suspicion are still needed along with a combination of as many of these safety steps as practical. A voiding local anesthetic systemic toxicity (LAST) is a goal of the regional anesthesiologist. Toxicity occurs when threshold blood levels are exceeded, which can occur with unintentional direct arterial or venous injection or slow systemic absorption of a large volume of extravascular local anesthetic. Toxicity is manifest as central nervous system symptoms with increasing levels, progressing to cardiac signs with higher levels. Although newer drugs and treatments have potentially decreased the risk of systemic toxicity, prevention of toxic blood levels remains the first priority in regional anesthesia.
Peripheral nerve blockade, with the use of large volumes of local anesthetic, represents a potential for systemic blood levels, both from unintentional intravascular injection and from slower absorption of drug. The frequency of LAST with peripheral nerve block has been reported to vary from 7.5 (Auroy et al 1 ) to 20 (Brown et al 2 ) per 10,000 blocks in earlier reports, to a level of 2.5 per 10,000 most recently. 3 Epidural anesthesia, given the volume of local anesthetic administered and the vascularity of the epidural space, is particularly susceptible to unintended intravascular injections. 1 Published series documented the frequency of systemic toxicity with epidural anesthesia to be 100 per 10,000 patients before 1981 (Kenepp and Gutsche 4 ) and 1.2 to 11 per 10,000 subsequently 2, 5 (apparently lower than the risk associated with peripheral nerve blockade 1, 2 ). This change reflects the adoption of certain Bsafety steps[ after 1981 (introduction of intravenous test doses, 6 emphasis on incremental injection 7 ), in response to the case reports of serious cardiotoxicity associated with unintentional intravascular injection of the then-new potent aminoamide local anesthetics. This review seeks to document those recommendations that might be responsible for the perceived decline in frequency of LAST and their current status.
Search Methods
This subject has been reviewed several times. We have reviewed, synthesized, and updated the principal publications from 1997 (Mulroy et al Pertinent references in these reviews were consulted. For completion, a further Entrez PubMed search was undertaken using the search words test dose, local anesthetics and toxicity, and then following the related articles links in each of these topics. Emphasis was placed on English-language publications and reviews and focused on randomized controlled trials, although relevant case reports were reviewed.
For the purpose of this review, studies that have been analyzed and documented in previous reviews are generally not quoted directly (unless considered Bclassic[ references), and the reader is referred to the previous reviews for detailed bibliographies. Reports and studies published since the latest reviews are cited for completeness.
Dose Limitation
One of the first recommendations (from the US Food and Drug Administration) was to limit the total dose of local anesthetic administered, which was accomplished by restricting the use of 0.75% bupivacaine in obstetric anesthesia. The principle of using the lowest possible total dose of local anesthetic (the product of concentration and volume) is a reasonable precaution. BMaximum recommended doses[ for peripheral nerve blocks have been recommended by the manufacturers, but their scientific basis has been questioned. 11 Although they may serve as general guidelines, systemic blood levels vary considerably, depending on the area of injection and the specific drug. Of particular concern is the observation that blood levels cannot be predicted on the milligram-per-kilogram basis, and thus, body weight should not be used as a dosage guideline except in the pediatric population. Local anesthetic systemic toxicity has occurred with lower doses, 12 and vigilance is essential. It seems likely that interpatient variability in sensitivity to the toxic effects of local anesthetic could account for some instances of LAST at very low doses.
Incremental Injection
The concept of limiting individual injections to subtoxic quantities (generally 3Y5 mL) and waiting an appropriate interval between increments has not been tested in a scientific manner but has been recommended since 1981 by many authors. The exact increment has not been established but is most appropriately seen as a compromise between an interval long enough to be certain that symptoms indicating intravascular injection are detected (eg, È1 circulation time, È30Y45 secs) and one not so long as to be impractical or increase the likelihood of needle movement that could reduce success of the block or, paradoxically, increase the chance of an intravascular injection.
Use of Local Anesthetics With Lower Toxicity
L-Enantiomers of the more potent aminoamides seem to be less toxic than the racemic mixtures, 13, 14 and the use of ropivacaine or levobupivacaine might convey an additional margin of safety compared with racemic bupivacaine when large quantities of local anesthetic are used. Both of these are more potent than lidocaine, and toxicity remains a potential with these drugs. 15, 16 Their use does not eliminate the need for the other safety steps discussed here.
Aspiration of Needle or Catheter
Intermittent aspiration of a needle or a catheter has also been recommended in publications and texts, but aspiration alone may fail to identify 0.6% to 2.3% of intravascularly placed catheters. 17 The one exception to this seems to be the use of aspiration with multiorifice catheters in obstetrics, where intravascular markers are less reliable. In this setting, Norris et al 18 reported that aspiration was sufficient to identify 47 of 48 intravascular catheters in 532 patients, whereas epinephrine injection produced an 87% false-positive test (7 of 11 positive tests were associated with catheters that were not intravascularly placed).
Markers of Intravascular Injection
Multiple recommendations have been made regarding potential pharmacologic and mechanical indicators of intravascular injection. The goal of such an intravascular Btest dose[ is to avoid the consequences associated with the subarachnoid or intravascular deposition of a large volume of local anesthetic by reliably identifying a misplaced catheter or needle. An ideal test dose is safe, simple, reliable (few false-positive tests necessitating removal of a properly placed catheter and no false-negative results after which bolus injection of anesthetic could be disastrous), quick in onset, and widely applicable clinically. Generally, the recommended agents have been described in single publications or from a single institution. Guay 8 has proposed that confirmation of broader applicability and reproducibility for test dosing should be based on at least 2 randomized controlled trials at 2 separate centers. This standard supports the conclusion that a heart rate (HR) increase of 10 beats/min or greater and/or an increase in systolic blood pressure (SBP) of 15 mm Hg or greater with an injection of 10 to 15 Kg of epinephrine has both an 80% sensitivity and positive predictive value in nonpregnant adults. Similar criteria establish a positive test in children with an SBP increase 15 mm Hg or greater with an epinephrine dose of 0.5 Kg/kg. For pregnant patients, only the injection of 100 Kg fentanyl to produce drowsiness or sedation meets these criteria.
Epinephrine
Epinephrine was the first indicator proposed. In 1981, Moore and Batra 6 reported that epinephrine (15 Kg) used in combination with 45 mg lidocaine would produce an increase in HR and SBP when injected intravascularly. The small dose of local anesthetic was used historically to produce spinal anesthesia within 2 mins if there was an unintentional subarachnoid injection. Epinephrine was historically used to enhance spinal anesthesia, with a proven clinical safety record for subarachnoid injection, although its potential cardiac effect with intravascular injection was not recognized. Although the epinephrine test dose has been widely adopted after the initial report of its potential usefulness, its efficacy has yet to be confirmed prospectively in a large series. Nevertheless, the HR and blood pressure changes with this marker are the only ones to meet the criteria referenced by Guay. 8 T-wave monitoring of the epinephrine test response has also been reported. 19 A 25% increase in amplitude is as reliable as the standard HR change but may require off-line analysis of the electrocardiographic tracing, and this approach does not seem to have reached common practice.
Limitations of the Epinephrine Test Dose
Several studies have confirmed that certain patients (those being treated with A-blockers, 20 the elderly, 21 and those sedated 22 or under general 23 or epidural 24 anesthesia) may have an attenuated HR response to the standard epinephrine test dose, and alternatives need to be considered. Parturients present the clinician with unique concerns of test dose sensitivity and applicability given the possibility of simultaneous uterine contractions, patients at risk with an epinephrine injection (preeclampsia), a lowered threshold of HR increase, and the proposed epinephrine-induced decreases in uteroplacental perfusion, 25 although this latter presumption has been questioned. 26 It is not surprising that the largest numbers of alternative tests have been suggested in this group, including air, fentanyl, and isoproterenol. In this situation, careful aspiration of a multiorifice catheter, 18 as mentioned above, may be helpful, but the reliance on small doses, incremental injections, and very-low-dose infusions may provide the greatest safety.
The safety of the epinephrine test dose has also been questioned on the basis of a presumed potential contribution of epinephrine to peripheral nerve toxicity. This presumption has not been documented in humans, and the demonstrated advantages of the epinephrine test outweigh any theoretical risks in this regard.
Local Anesthetic
Subtoxic does of local anesthetics themselves, in the absence of premedication (particularly with benzodiazepines), produce subjective symptoms indicating unintentional intravascular injection. Doses of 100 mg lidocaine or chloroprocaine or 25 mg bupivacaine have been shown to produce subjective symptoms in unpremedicated adults. 7 L-Bupivacaine and ropivacaine do not produce reliable subjective symptoms in adults in a 25-mg dose. 27 The utility of these tests that require subjective reporting may be compromised by the presence of heavy sedation. 28 Ropivacaine at a dose of 60 mg (12 mL of a 0.5% solution) reliably produces symptoms even in premedicated volunteers. 29 Although useful for peripheral injections, all of these proposed local anesthetic test doses include volumes sufficient to produce extensive spinal anesthesia: if used in epidural techniques, a preliminary smaller test dose to exclude subarachnoid injection is required.
Air
Leighton and Gross 30 showed that the injection of 2 mL of air produces an audible response on a precordial Doppler monitor if the needle or catheter is intravenously placed. Although their small series showed statistically reliable changes, their results have not been reproduced elsewhere. This test may not be practical in areas outside the delivery suite, where Doppler monitoring may not be readily available. The safety of Copyright @ American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.
this technique in the presence of a patent foramen ovale has not been established.
Other Markers
Isoproterenol has been studied as a potential marker in obstetrics patients, but its safety (in regard to potential neurotoxicity) for subarachnoid injection has not been documented. Both succinylcholine and fentanyl have been studied, the latter meeting Guay's 8 criteria for acceptance, but both of these markers have limitations in the event of systemic absorption or intravascular injection.
Detection by Imaging Methods
The recent introduction of ultrasound guidance for peripheral nerve blockade has raised the potential of reducing the possibility of unintentional intravascular injection by constant visualization of the needle tip. One case report supports this hypothesis because the intravascular injection was detected by the ultrasound, but the needle had already entered the artery while being visualized, raising concern that this may not be a reliable safety measure. 31 Other case reports have confirmed the occurrence of intravascular injection despite ultrasound use. 32, 33 Taken together, these reports confirm that even when the needle is visualized using the in-line technique, the tip is not always accurately identified. Another imaging proposal has been the suggested use of radiopaque contrast dye when placing catheters, 34 but this would not seem to be practical in common use.
DISCUSSION
Although there is agreement that prevention is a critical step in avoiding the consequences of local anesthetic toxicity, as yet there is no single method to ensure prevention of unwanted high blood levels. With peripheral nerve block, avoidance of high doses of local anesthetic (to reduce the chance of slow absorption of toxic amounts) coupled with aspiration, incremental injection, and the use of intravascular markers (to detect intravascular injection) seems to reduce the potential for toxicity. The role of ultrasound in avoiding unintentional intravascular needle placement is unclear. For epidural injections, the use of the same steps is critical, and the use of some marker for intravascular injection has become common practice. Although epinephrine remains the most common marker, there are limitations on its use that require awareness of alternatives and caution in interpretation of results. There is no single safety step that ensures avoidance of toxicity, so employment of multiple safety steps and constant vigilance are essential, as well as preparedness to treat the rare occurrence of a toxic reaction.
Recommendations regarding prevention of LAST are summarized in Table 1 . ) Intravascular injection of epinephrine 10Y15 Kg/mL in adults produces a Q10-beat HR increase or a Q15Ymm Hg SBP increase in the absence of A-blockade, active labor, advanced age, or general/neuraxial anesthesia. ) Intravascular injection of epinephrine 0.5 Kg/kg in children produces a Q15Ymm Hg increase in SBP. ) Appropriate subtoxic doses of local anesthetic can produce subjective symptoms of mild systemic toxicity (auditory changes, excitation, metallic taste, etc) in unpremedicated patients. ) Fentanyl 100 Kg produces sedation if injected intravascularly in laboring patients. & Ultrasound guidance may reduce the frequency of intravascular injection, but actual reduction of LAST remains unproven in humans. Individual reports describe LAST despite the use of ultrasound-guided regional anesthesia. The overall effectiveness of ultrasound guidance in reducing the frequency of LAST remains to be determined (IIa, C).
